Abstract: Second generation Current Controlled Current conveyors are getting compelling recognition due to their AC performances with better linearity, high sensitivity, wider and nearly constant bandwidth, high slew rate, reduced supply voltage (nearly 0.5V), less chip area and larger dynamic range. CCCIIs are electronically tunable i.e. its parasitic resistance at current input port can be adjusted by an input bias current making it useful for wide range of applications. This paper presents an approach of designing a universal filter using CCCII as its active building block. Filter has been tuned for Wi-Fi applications and realised in 45nm CMOS technology while performances were examined through HSPICE simulations.
Introduction
A versatile current mode circuit, commonly known as Current Conveyor gains acceptance as theoretical as well as practical building block. Current Conveyor consists of one high and one low impedance input and one high impedance output ; hence, acts as an apt element for both voltage mode and current mode circuits. The classical op-amps suffer from confined gain-bandwidth product and low slew rate. Therefore, they remain undesirably at higher frequencies. Nowadays supply voltage has become a severe concern in electronic circuit design scenario specifically for portable and battery efficient equipment and the breakdown voltage of short channel MOS transistors. Because of the increasing importance of low voltage operating circuit, current mode techniques are more convenient for such purposes as compared to voltage mode circuits. As a result of it, current mode circuits are becoming more popular and vital due to their huge dynamic range, higher bandwidth, greater linearity, simple circuitry, less power consumption and reduced chip area in comparison with their voltage mode counterparts such as Operational Amplifiers. Of late years, with advent of CMOS technology, current mode devices are gaining considerable significance in circuit designs.
Description of Current Controlled Current
Conveyor Fig 1. depict the symbol of the second generation CCCII. A CCCII based circuit, no matter whether positive, negative or dual output, gives electronic tunability and wide adjustable range of its parasitic resistance at X-terminal. Since CCCII doesn't require external resistors, therefore, it is very appropriate in the designing of integrated filters and oscillators. Moreover, as the CCCII is current controlled source, the CCCII based circuit is acceptable for high frequency operation. 
CMOS implementation of CCCII
The schematics of standard CMOS implementation of positive, negative and dual output CCCII are given by Licensed Under Creative Commons Attribution CC BY common gate amplifier configurations, the output signal is a current, hence MOS transistors are more suitable particularly for processing current rather than voltages. On the contrary, common drain amplifier configurations are almost useless at low supply voltages because of the bulk effect embedded in typical CMOS processes. Additionally, MOS current mirrors are more accurate and less sensitive to process variation rather than bipolar current mirrors because with the latter, the base currents reduce the accuracy.
Thus, MOS transistor circuits should be simplified by using current signals as compared to voltage signals. In case when the signal is conveyed as a current, the voltages in MOStransistor circuits are proportional to the square root of the signal provided saturation region operation is assumed for the devices. Consequently, a compression of voltage signal swing and a reduction of supply voltage is possible. Moreover, maximum usable frequency of MOS will be achieved sooner with very high values for its drain currents. For implementation of the filter, the class AB type CCCII± circuit adopted is shown in Figure 4 , and is readily available in literature. It's bipolar version containing both positive as well as negative output terminal has been studied by many authors, [12, 13] . It's CMOS version can be found in the references [5, 10] . In the present work, this circuit is redesigned in 45 nm CMOS technology and is simulated and verified using HSPICE [14] . 
Performance Comparison at different Technologies
Performance analysis of CCCII± has been done at 180nm, 90nm and 45nm CMOS technology. Power supplies, bias currents and the obtained 3-dB bandwidth are compared in Table 1 .
It is observed that as there is improvement in technology from 180nm to 45nm, biasing current decreases from 30u to 10u. Supply voltage is also reduced to 0.45V which shows that CCCII± at 45nm is power efficient as well. 3-db bandwidth increases from 5.4 Ghz to 29.8 Ghz which shows that it is very suitable for high frequency applications and due to its excellent electronic tunability property ( shown in fig. 8 ) its frequency can be set to a specific application based frequency (for eg. 2.4 Ghz in case of Wi-Fi). 
Application as a Universal filter
CCCIIs are broadly used as fundamental active building blocks to realize various current-mode active filters. The universal filter is one of the most popular analog filters as it can provide various standard functions like low pass, high pass, band pass, band reject and all pass.
In this section, a current mode universal filter has been implemented with single input and three different outputs for low, high and band pass filters. Implementation of Universal filter is depicted in Fig.8 using only two CCCII± and two capacitors as the dual-output current conveyors are useful in the derivation of current-mode single input and three output filters using a decreased number of active components [8, 9, 10] .
The analysis i.e. transfer function of the Universal filter can be summarized as follows:
(1)
In addition to this, the response of band-pass i.e. notch filter can be obtained by connecting I HP & I LP together as follows:
In the same way, all pass filter transfer functions can be implemented by connecting I HP, I LP, I BP together or I BR and I BP together as follows: 
In this implementation, a 2 a 1 & a 0 are 1, and respectively.
For the successful implementation of universal filter, the following values of capacitors & bias currents have been used. C 1 = C 2 = 5fF I b1 = I b2 = 1u Fig. 9 shows the adjustability in low pass filter as its response in changing with the variation in bias currents. This also shows how good CCCII acts as an electronically tunable active building block. Fig 10, 11 and 12 depict frequency responses for low and high, notch filter and band pass filter respectively. After simulation with HSPICE using 45nm CMOS parameters, we get the following conclusions. Ghz frequency so that it can be used for Wi-Fi applications. (Fig. 12) .The values of capacitors are varied in accordance to the desired frequency.
Conclusions
In this paper, Second generation Current Controlled Current conveyor is implemented using the 45nm CMOS technology. The circuit uses ±0.45V DC supply and 10uA of biasing current. Transient, AC and DC analysis are carried out using HSPICE tool. The simulation results indicate the correct operation of the CCCII± circuit up to 38 GHz. A current mode universal filter is then implemented that employs CMOS-based CCCII± and capacitors. The filter can be configured to obtain three different outputs-low-pass, highpass and band-pass and by further updates band reject and all pass filter can also be made. The HSPICE simulation results confirmed the suitability of the current-mode universal filter for operation in the 2. 
